Although both nonscientists and scientists alike have long promoted the idea that sleep is beneficial to memory, recent work has shown that the effects of sleep on memory are selective: Sleep 'selects,' or preferentially consolidates, the most salient or goalrelevant aspect of an experience, resulting in facilitated retrieval of that information upon waking. In this review, we focus on the selective effects of sleep on emotional memory, highlighting 3 potential mechanisms responsible for these effects. We first discuss how the 'replaying' of information during consolidation leads to enhanced memory, with emotionally salient information being preferentially reactivated during sleep. We then discuss how the neurobiology of sleep-specifically, theta oscillations that may enable prefrontal-limbic connections and changing acetylcholine levels-may support the selective consolidation of emotional experiences. Lastly, we provide evidence that information that is preferentially consolidated during sleep may be initially selected during encoding, with endogenous cortisol 'tagging' a salient event as important to remember, thus leading to its prioritized consolidation during sleep. In addition to discussing the selective effects of sleep on emotional memory and the potential mechanisms underlying these effects, we emphasize the critical implications of this research for educational and vocational settings.
Sleep provides an optimal neurobiological environment for memory consolidation (e.g., Diekelmann & Born, 2010; Marshall & Born, 2007; Stickgold, 2005) . Rather than uniformly enhancing consolidation, however, sleep 'selects' for consolidation the most salient or goalrelevant information (Stickgold & Walker, 2013, for review; Wilhelm et al., 2011) . For example, sleep selectively preserves memory for only the emotionally salient aspect of an experience (Payne & Kensinger, 2010 Payne, Stickgold, Swanberg, & Kensinger, 2008) . Although emotional stimuli are not the only category of information that sleep preferentially consolidates (Ellenbogen, Hu, Payne, Titone, & Walker, 2007; Fischer & Born, 2009) , it is a particularly well-studied example and will be the focus of this review.
Here we highlight three potential neural mechanisms (for discussion of other mechanisms, see Stickgold & Walker, 2007) to explain how this selective consolidation occurs. We first discuss the mechanism of reactivation, in which emotionally salient information may be preferentially reactivated during sleep, thus leading to its enhanced consolidation. We then discuss how the neurobiology of REM sleep, and specifically the prominent theta oscillations and changing levels of acetylcholine (ACh) during sleep, may support the reactivation and preferential consolidation of emotional experiences.
Further, we propose that sleep's selective consolidation effects may be driven by an encoding-based mechanism: Preferentially consolidated information is "selected" at an earlier time point (during encoding), a concept known as emotional tagging (Richter-Levin & Akirav, 2003) . We explain the evidence for each of these mechanisms and discuss the translational impact of this line of research.
Consolidation-Based Mechanism: Reactivation
Reactivation is a prominent hypothesis explaining sleep-dependent memory consolidation (alternatively, see the synaptic homeostasis hypothesis; Tononi & Cirelli, 2006) , in which experienced events are 'replayed' during sleep (e.g., Fuentemilla et al., 2013) . Animal studies have shown that within the hippocampus, a region critical for consolidation, the neuronal firing patterns that occur during encoding are spontaneously replayed during sleep (Wilson & McNaughton, 1994) . Similarly, in humans, brain areas active during learning are subsequently activated during sleep, reflecting the offline processing of memory traces (Maquet et al., 2000) .
Although reactivation is often used to explain sleep-dependent consolidation as a whole, not all past events are reactivated. If reactivation underlies consolidation, then only the subset of events that are reactivated would be consolidated. Thus, reactivation may be both a general mechanism of consolidation and also a mechanism that gives rise to its selectivity. Indeed, studies in humans utilizing a targeted memory reactivation paradigm (Rudoy, Voss, Westerberg, & Paller, 2009 ) corroborate the idea that reactivated information tends to be remembered. Moreover, studies in rats provide direct support for the selective reactivation of motivationally relevant information in the hippocampus and ventral striatum during sleep (Lansink et al., 2008; Lansink, Goltstein, Lankelma, McNaughton, & Pennartz, 2009) , demonstrating that important information tends to be replayed.
As far as what determines "importance," Oudiette and colleagues (2013) suggest that this generally has to do with the future relevance of the information: Information that is designated as important to remember or rewarded should be preferentially reactivated . For example, Oudiette and colleagues (2013) instructed participants to remember the location of objects, while manipulating stimuli importance by assigning each object a low or high value that represented future reward for successful memory. During encoding, each object was accompanied by a characteristic sound (i.e., a cat with a "meow" sound). They then reactivated these low-and high-reward associations by playing the corresponding sounds during a 90-min sleep-or wake-filled delay. Results showed that recall accuracy declined to a greater extent for low-than high-reward objects following sleep.
Another interesting finding specific to sleep was that playing half of the sounds associated with low-reward stimuli "rescued" memory for not only the objects whose sounds were replayed, but for the entire set of low-reward associations . This provides additional evidence that reactivation leads to enhanced consolidation, as it is likely that these low-reward stimuli would have been forgotten in the absence of external cueing. However, the generality of reactivation to enhanced memory for all low-value associations (see also Diekelmann, Büchel, Born, & Rasch, 2011; Rasch, Büchel, Gais, & Born, 2007) (Buchanan & Adolphs, 2002; Reisberg & Heuer, 2004) , in which sleep pulls apart, or separately categorizes emotional objects and their neutral backgrounds, selectively consolidating the emotional objects (e.g., Payne, Chambers, & Kensinger, 2012) . Emotional stimuli fall under the umbrella of information with 'future relevance' because it is evolutionarily important to remember that which is perceived as threatening, arousing, or negative (Lazarus, 1991) . Although no study has investigated the effects of cued reactivation on emotional versus nonemotional stimuli, evidence points toward replay during sleep as a likely mechanism underlying the selective facilitation of emotional memory (e.g., Hu, Stylos-Allan, & Walker, 2006) .
Research on memory reactivation has important implications for the treatment and potential prevention of many disorders with a dysfunc-tion in emotional processing at their core. For example, reactivating traumatic memories during sleep may weaken them. Reexposure of an odor initially presented with faces conditioned to be feared led to a decrease in fear responses and hippocampal activity to those faces relative to those whose corresponding odor had not been reinstated, as well as a reorganization of pattern activity in the amygdala from pre-to postsleep (Hauner, Howard, Zelano, & Gottfried, 2013) ; this suggests a new association had formed between the odor and safety (akin to exposure therapy; Foa, Hembree, & Rothbaum, 2007) . This research has applications for PTSD (Oudiette, Antony, & Paller, 2014; however, see Stickgold, 2007) , in that attenuating a fear memory could lead to a decrease in memory intrusions. Moreover, this is applicable in depression, social anxiety, and also nonclinical cases in which negative emotional memories interfere with one's well being. Although the conditions in which reactivation can be used to attenuate emotional memories need to be elucidated, it is a promising area of research from both a clinical and nonclinical perspective.
Although effects of targeted memory reactivation are profound, the aforementioned studies are designed to be a manipulation of the processes that spontaneously occur during sleep: Researchers elicit reactivation by using an external cue (e.g., an odor or tone), thus causally enhancing consolidation (e.g., Rasch et al., 2007) . Knowing that reactivation also occurs in the absence of an external cue, we now turn to a discussion of the internal neurobiology that may support consolidation during sleep. We focus on emotional memory consolidation because it is a well-studied example of uninstructed selection: Without being told it is important to remember, and without knowledge of a memory test, emotionally salient information is preferentially remembered over sleep-filled delays (Payne & Kensinger, 2011) .
Consolidation-Based Mechanism: Theta Oscillations and Changing ACh Levels During Sleep
Reactivation occurs during REM sleep: For instance, several brain areas active during a serial reaction time task are subsequently more active during REM sleep in trained relative to nontrained subjects (Maquet et al., 2000) , providing evidence for the processing of memory traces. Although this is not specific to REM sleep, understanding its neurobiological characteristics may elucidate why reactivation (and similarly, selective consolidation) occurs.
Studying emotional memory consolidation is a particularly fruitful means of better understanding the neurobiological characteristics of REM sleep that may underlie reactivation because REM sleep is strongly associated with emotional memory enhancements (Ackermann & Rasch, 2014) . [However, slow-wave sleep (SWS) also has a profound role in consolidation (Gais & Born, 2004) , including emotional memory consolidation (Cairney, Durrant, Power, & Lewis, 2014) ]. We propose that two features of REM sleep-theta oscillations that may enable prefrontal-limbic connections, and a high cholinergic tone-may make it the ideal neurochemical environment for reactivation and selective emotional memory consolidation. During REM sleep, high-amplitude theta oscillations (4 -8 Hz) in the basolateral amygdala (BLA) and hippocampus are observed and highly correlated (Paré, Collins, & Pelletier, 2002) , and are proposed to reflect replay of theta activity during waking experiences (Louie & Wilson, 2001 ). Amygdala and hippocampal theta are also highly correlated during emotional arousal and recall of conditioned fear (Seidenbecher, Laxmi, Stork, & Pape, 2003) , likely resulting in a modulation of memory consolidation. Further, theta oscillations also occur within the PFC, and communication between PFC and limbic regions may be critical for optimized consolidation. For example, the degree of theta activity in hippocampus-PFC-BLA networks during REM sleep correlates with the success of fear conditioning in rats (Popa, Duvarci, Popescu, Léna, & Paré, 2010) . Similarly, correlations between prefrontal theta during REM sleep and the emotional memory enhancement are suggested to represent crosstalk between the PFC and limbic structures during consolidation (Jones & Wilson, 2005) , with the extent of communication predicting the emotional memory enhancement (Nishida, Pearsall, Buckner, & Walker, 2009) .
Consistent with the idea that PFC-limbic connections during sleep underlie selective emotional memory consolidation are studies showing that after a night of sleep, activity and connectivity is enhanced in the PFC and amygdala during emotional memory retrieval.
Particularly, Payne and Kensinger (2011) found that consolidation over a night of sleep, relative to a day awake, is associated with enhanced activity in a refined set of regions, including the amygdala and ventromedial PFC (vmPFC) during the retrieval of negative stimuli. After sleep compared with wake, there was enhanced amygdala-hippocampal and amygdala-vmPFC connectivity. These findings parallel those of Sterpenich and colleagues (2009), in which participants either slept or were deprived of sleep after encoding negative and neutral images. After a 6-month delay, those who had slept after encoding showed enhanced amygdala and vmPFC activity and amygdala-vmPFC connectivity during emotional memory retrieval relative to those who were sleep-deprived. Although Payne and Kensinger (2011) and Sterpenich and colleagues (2009) did not focus on REM sleep specifically, the synchronized activity between the amygdala, hippocampus, and neocortical regions that characterizes REM sleep (Jones & Wilson, 2005; Paré et al., 2002) suggests that REM sleep likely played a role in this selective emotional memory consolidation. As such, the coordination of prefrontal and limbic processes during REM sleep is a likely mechanism underlying selective consolidation.
The second feature of REM sleep that may enable it to be the ideal neurochemical environment to preferentially consolidate emotional information relates to the change in levels of ACh in the transitions from SWS to REM sleep, and the amount of ACh during REM sleep. It is hypothesized that ACh regulates the flow of information between the hippocampus and neocortex, and that shifts in information flow, between the low levels of ACh during SWS to high levels of ACh during REM sleep (Hobson & Pace-Schott, 2002 ) are a critical part of longterm consolidation (Gais & Born, 2004; Hasselmo, 1999) . Given the prominent role of ACh in the long-term consolidation of emotionally arousing experiences (McGaugh, 2004; Power, 2004) , the high cholinergic state that characterizes REM sleep provides an ideal environment for selective emotional memory consolidation. ACh enhances amygdala-dependent consolidation, such that infusing muscarinic cholinergic agonists into the amygdala enhances memory across inhibitory avoidance and fear conditioning tasks (Introini-Collison, Dalmaz, & McGaugh, 1996) . Also, blocking cholinergic activity with scopolamine (an ACh antagonist) during REM sleep impairs consolidation of an avoidance task learned before sleep (Smith, Tenn, & Annett, 1991) . It is important to note, however, that the effects of sleep on emotional memory are not exclusive to REM sleep (e.g., Cairney et al., 2014) , and that low ACh levels that characterize SWS are critical for consolidation of neutral stimuli (Gais & Born, 2004) . Although REM sleep has to date been most strongly correlated with emotional memory consolidation, understanding the chemical and physiological differences between sleep stages, particularly regarding theta rhythms and ACh levels, is essential in elucidating the mechanisms behind observed sleep stage effects.
Because the theta oscillations that characterize REM sleep facilitate interactions between limbic and paralimbic structures (including the hippocampus and amygdala; Walker & van der Helm, 2009 ) that support emotional memory consolidation, it is possible that REM sleep deprivation may prevent the selective consolidation of emotional memory (e.g., Diekelmann, Wilhelm, & Born, 2009; Wagner, Hallschmid, Rasch, & Born, 2006 ; but see Morgenthaler et al., 2014) . This is applicable to both clinical (e.g., depression, anxiety, PTSD) and nonclinical cases in which memory of a negative or traumatic event could theoretically be weakened by selective REM deprivation. Also, as REM sleep has been found to correlate with emotional reactivity to negative stimuli (Baran, Pace-Schott, Ericson, & Spencer, 2012) , it is possible that REM sleep deprivation after a trauma may help attenuate one's emotional response to it. However, there are potential confounds and important considerations to take into account when targeting sleep deprivation (reviewed by Horne, 2000) , including distinguishing between effects attributable to lack of REM sleep versus diminished total sleep time, and accounting for the stress response that can accompany sleep deprivation (e.g., Leproult, Copinschi, Buxton, & van Cauter, 1997) .
Encoding-Based Mechanism: Emotional Tagging and the Role of Cortisol
Having discussed two consolidation-based mechanisms that result in the reactivation and preferential facilitation of emotional memory, it is still unclear what provides the signal that this information should be selectively replayed and strengthened during sleep in the first place. Here we suggest that information that is preferentially consolidated during sleep is "selected" at an earlier time point-during encoding. This concept, known as emotional tagging (RichterLevin & Akirav, 2003) , suggests that the arousal generated by an emotional experience "tags" a salient event at encoding, leading to its prioritized consolidation during sleep.
The 'emotional tag' is related to the better known concept of synaptic tagging, which is widely used to explain how events become stored in long-term memory: Synapses activated by a learning experience are "tagged" with a molecular marker, ensuring that the plasticity-related proteins necessary for long-term memory are captured by these synapses and not others (e.g., Frey & Morris, 1997) . This process ensures the specificity of long-term potentiation. Relatedly, a tagging mechanism is thought to underlie why typically forgotten information (e.g., the weather on this date five years ago) is remembered when associated with an emotional event (e.g., the weather on your graduation day five years ago): The encoding of an arousing event activates the amygdala, resulting in longterm plasticity in the synapses marked by the tag (Bergado, Lucas, & Richter-Levin, 2011; Wang & Morris, 2010) . However, what exactly is this emotional tag?
It has long been known that emotional experiences activate the amygdala during encoding (LeDoux, 2000) , and that the amygdala modulates hippocampal-based learning (Buchanan & Adolphs, 2002) . Specifically, epinephrine and corticosterone (cortisol in humans) activate adrenergic receptors in the BLA, which modulate the effect of these hormones on consolidation (McGaugh, 2004; McGaugh & Roozendaal, 2002) . It is possible that the amygdalahippocampal interaction (not only the activation of the amygdala during encoding, but also subsequent amygdala-hippocampal connectivity) is the emotional tag, and that certain circumstances, such as an optimized level of cortisol, must be met to ensure that this tag is set during the initial experiencing of the event.
Building on the concept that emotional arousal potentiates the preferential consolidation of the emotional aspects of an experience, recent work has shown that endogenous cortisol may help set these emotional tags (Bennion, Mickley Steinmetz, Kensinger, & Payne, 2015) . Specifically, elevated cortisol at encoding works with the arousal generated by the emotional stimuli themselves, thus setting a tag that essentially selects this information for preferential processing. A study by van Stegeren and colleagues (2007) aligns with this idea, in which participants with higher endogenous cortisol levels exhibited stronger amygdala responses to emotional images than those with lower endogenous cortisol levels (van Stegeren et al., 2007) . Critically, administration of the noradrenergic antagonist propranolol blocked this cortisoldependent amygdala activation, suggesting that interactions with arousal-induced noradrenergic activation in the amygdala (Roozendaal, Barsegyan, & Lee, 2007) and perhaps the consequent strengthening of connections among the amygdala, hippocampus, and prefrontal regions (van Stegeren, 2009) may be necessary for cortisol to have an enhancing effect on emotional memory consolidation.
Knowing that elevated cortisol during encoding, combined with arousal and noradrenergic activation associated with viewing negative stimuli (Abercrombie, Speck, & Monticelli, 2006; Roozendaal, Okuda, van der Zee, & McGaugh, 2006) , may be critical for setting an emotional tag, it then becomes important to clarify whether sleep subsequently uses this tag to select which information to preferentially consolidate. Bennion and colleagues (2015) collected salivary cortisol samples from participants before an encoding task in which they viewed emotional and neutral scenes while their eyes were tracked. The scenes were composed of a negative (e.g., taxi accident) or neutral (e.g., taxi) item superimposed on a plausible neutral background (e.g., an avenue). Encoding took place either in the evening, followed by a night asleep, or in the morning, followed by a day awake. After a 12-hr delay, participants took a recognition test during fMRI that assessed object and background memory separately.
Elevated cortisol at encoding led to enhanced memory for the emotional items, but only if participants slept during consolidation. This suggests that cortisol interacts with sleep to enhance, and perhaps even enable, consolidation benefits, as such benefits are not observed following a delay containing wakefulness. In addition, elevated cortisol led to a stronger re-lation between looking time at encoding and subsequent memory for negative items following sleep relative to wake. This suggests that cortisol facilitates memory for negative stimuli by strengthening the relation between how long participants look at the items during encoding and their ability to later remember them, especially when sleep occurs during the retention interval. Furthermore, those with higher cortisol at encoding showed a stronger relation between the time spent looking at negative items during encoding and intensified activity in emotional processing regions (particularly the amygdala and vmPFC) during successful retrieval of those negative items following sleep but not wake (Bennion et al., 2015) . This unique state of encoding resulted in activity in the same smaller set of limbic regions that supports successful emotional memory retrieval after sleep relative to wake (Payne & Kensinger, 2011; Sterpenich et al., 2009) , suggesting a possible attentional mechanism for this selective emotional memory benefit.
Although there still is much to be understood about how an emotional tag created at encoding leads to the strengthening of the "tagged" information during sleep (including what the optimal level of cortisol is for this tagging to occur; e.g., see Sandi, 2013) , this suggests that selective consolidation during sleep depends not only on informational content, but also on the state of the individual experiencing the event. Indeed, elevations in both cortisol (Bennion et al., 2015) and physiological arousal (see Cunningham et al., 2014) during the time of encoding provide the optimal state for downstream sleep-based memory consolidation (and particularly emotional memory consolidation). As such, encoding emotional information in the presence of elevated cortisol (and likely other arousalrelated neuromodulators), perhaps whether intentionally encoding (e.g., watching news coverage of a tragedy) or unintentionally encoding (e.g., being involved in a tragedy), may lead to greater emotional memory following sleep compared to if encoding while cortisol levels are lower.
Conclusions and Broader Implications
Here we have discussed three related mechanisms-each selecting aspects of experiences to preferentially strengthen, while allowing other information to decay. This selection process may first occur at encoding, with cortisol and other arousal-related neuromodulators aiding in 'tagging' an emotionally salient event as important to remember. Then, this information is prioritized during sleep, through reactivation, and likely enabled by theta oscillations and high ACh levels during REM sleep. Although we have focused on the selective effects of emotional memory consolidation, this research suggests a more general conclusion, in that sleep is smart: It does not consolidate all information equally, but rather selectively preserves memory for information of future relevance (whether that be rewarded, emotional, instructed to be remembered, etc.). Here we outline concrete recommendations to allow educators, students, and employers to utilize what we know about sleep as a tool to enhance functioning in educational and vocational settings.
Information we prioritize during the day is more likely to be reactivated during sleep , suggesting that information that is rewarded, valued, or salient is preferentially facilitated during sleep. What this means for educators is that it is critical to highlight important information so that it is clear what should be salient during a class period or when completing a long reading assignment. Emphasizing what information should be remembered, and also giving assignments that require students to review (i.e., reactivate) the most pertinent material, is likely to lead to a preferential strengthening of that information during sleep. Further, because sleep tends to enhance information encountered relatively recently (only a few hours prior to sleep; Gais, Lucas, & Born, 2006) , such homework or reading exercises may be most effective when completed close to bedtime.
Given the positive consequences of strengthening memory during sleep, this also provides evidence for why sleep deprivation, a pervasive problem in today's society, should be avoided. Even mild sleep deprivation can be pernicious because REM sleep occurs in increasing percentages over the course of a night, and tends to be lost during chronic sleep restriction (i.e., 4 -7 hours of nightly sleep; Banks & Dinges, 2007) . Thus, losing just a few hours of sleep each night can disrupt the ability for selective consolidation, leading to less efficient memory systems. Although some steps can be taken at home to combat sleep deprivation, educators and employers should consider a shift in start times to better align with circadian rhythms and sleep needs. For instance, even a 30-min delay in school start time is sufficient to result in improvements in alertness, mood, and health in adolescents (Owens, Belon, & Moss, 2010) , an age group particularly at-risk for sleep deprivation because their circadian rhythms naturally cause them to feel alert at night and therefore have difficulty maintaining an early bedtime. Additionally, flex-time, which involves not a reduction in work hours, but simply a rearrangement or shift in schedule that is mutually agreed on by the employer and employee, has been shown to result in an average increase of 52 minutes of nightly sleep, as well as enhanced sleep quality, energy levels, self-report health, and decreased personal distress (Moen, Kelly, Tranby, & Huang, 2011) . In addition to these health benefits, better sleep would lead to employees being able to extract important information for preferential consolidation, thus leading to more efficient work. If it is not feasible to implement such a shift, allowing employees to take daytime naps may be a helpful alternative, as the effects of a nap on strengthening memory are comparable with that of overnight sleep (e.g., Alger, Lau, & Fishbein, 2010; Backhaus & Junghanns, 2006) .
Although sleep is smart, selectively preserving memory for information of future relevance, we as rememberers can take steps to make it smarter. Sleep already helps us preferentially remember these experiences, but understanding the mechanisms behind its selectivity may have powerful consequences-not only in science, but also in education, work, health, and everyday life.
